The present study incorporates globalization and energy intensity into the CO 2 emissions function and investigates the presence of Environmental Kuznets Curve (EKC) in 19 African countries for the time period of 1971-2012. We have applied the ARDL bounds testing approach to cointegration to examine the long run relationship in the variables. Our results confirmed the presence of cointegration between the series in Africa, Algeria, Angola, Cameroon, Congo Republic, Ghana, Kenya, Libya, Morocco, Nigeria, South Africa, Sudan, Tanzania, Togo, Tunisia, Zambia and Zimbabwe. The results indicated the positive effect of energy intensity on CO 2 emissions in Africa, Algeria, Angola, Cameroon, Congo Republic, Ghana, Kenya, Libya, Morocco, Nigeria, South Africa, Sudan, Togo, and Tunisia while energy intensity declines CO 2 emissions in the case of Zambia and Zimbabwe. Globalization decreases CO 2 emissions in Africa, Angola, Cameroon, Congo Republic, Egypt, Kenya, Libya, Tunisia and Zambia but increases CO 2 emissions in Ghana, Morocco, South Africa, Sudan and Tanzania. The EKC exists in Africa, Algeria, Cameroon, Congo Republic, Morocco, Tunisia and Zambia but Ushaped relationship is found between economic growth and CO 2 emissions in Sudan and Tanzania.
I. Introduction
The world is facing rapid climate change, which is attributed to increasing global warming and emission of greenhouse gases. Consequently, various aspects of environment, including the validity of Environmental Kuznets Curve (EKC) hypothesis have been placed under much scrutiny in the existing literature of environmental economics. The hypothesis has asserted that initially economic growth will lead to environmental degradation but eventually as income level increases, this degradation will decrease and a clean environment takes place in prosperous countries. However, there are still several aspects of the EKC hypothesis that have not received adequate attention. Arising from the recent advances in the econometrics sphere, the subjectmatter has progressed with most papers using additional variables and concentrating on various sub-regions. One of the largely ignored variables in the existing literature is globalization. Without adequate econometrics analysis, it is difficult to hypothesize the specific impact of globalization on emissions as it may reduce or exacerbate pollution. The first argument is that globalization is associated with human activities that breed pollution including industrial production, transportation and, more indirectly, deforestation. Globalization, which is partly synonymous with rising international trade, is partly linked to the growth of these three human activities (Huwart, and Verdier, 2013) . Globalization has allowed multinational corporations to relocate factories from high-income countries to low-income countries. These companies do not only pay lower wages than what it is expected in the home countries, but also do not often meet the environmental standard that are often imposed in high-income countries (Hubbard and O'Brien, 2014 ).
On other hand, it is also believed that globalization can reduce emissions level. The globalization of trade and research applies to green technologies. Industry, global movements of capital and globalised research and innovation promote vector of "green growth" and are particularly effective instruments to fight pollution and climate change on a global scale. Globalization and production network can help to foster new activities and new products, but also new production processes (Huwart and Verdier, 2013) . Globalised information and knowledge has made it possible for public to be more aware of ecological issues and this has generated greater mobilization. Globalization can make environmental conservation compatible with economic development. This is because of international economic competition, which is mainly facilitated by globalization, helps in resolving many environmental problems as companies try to outwit each other in terms of abiding to environmental standards. Multinational corporations are precious allies in combating global warming, as they are knowledgeable about environmental standards and practices in developed countries and are vital vehicles for transferring green technology and good-practice (Huwart and Verdier, 2013) . Therefore, pollution level moves to a horizontal line of maximum emissions as globalization forces a "race to the bottom" in environmental standards (Dasgupta et al. 2002) .
Arguably, the least studied region in terms of EKC is African continent. This is largely due to the fact that the continent's fossil-fuel CO 2 emissions are low in relative terms. The total emission in the continent was about 14%, 28% and 19% of the total carbon generated in North America, China Europe in 2012. The emissions in the continent amount to 3.68% of the global carbon in the same year (Energy Information Administration, 2014). However, the pollution in some African countries is well ahead of some of their counterparts in Europe. For example, South Africa, Egypt and Algeria generated 473 million metric tons of carbon (13 th in the world), 206 million metric tons of carbon (29 th in the world) and 133 million metric tons of carbon (31 st in the world), respectively in 2012. Greece and Austria generated 87 million metric tons of carbon (43 rd in the world) and 67 million metric tons of carbon (or 52nd in the world), respectively in 2012 (Energy Information Administration, 2014). Emissions from all fuel sources are growing in the continent as total emissions for Africa has increased five-fold since 1960 and more than twofold since 1980. The total emissions reached almost 1.2 billion metric tons of carbon in 2012 (World Bank, 2014 ; Energy Information Administration, 2014). South Africa, which accounted for almost 40% of the total emission in the continent, has experienced increasing emission level as it generated 473 million metric tons in 2012 compared to 235 million metric tons in 1980 (Energy Information Administration, 2014). Fossil-fuels accounted for more than 42% of the total emissions in the continent in the year of 2012 (Energy Information Administration, 2014).
The direct impact of the growing global emissions (inclusive of those generated in Africa) is climate change. Despite the fact that African countries have contributed the least to climate change caused by humans, there are widespread fears that Africa will be the worst hit. Floods, droughts and rising sea levels are just some of environmental impacts of climate change on Sub Saharan Africa. Climate change will have serious and adverse consequences for many development sectors in Africa, and threatens the economies and livelihoods of many African countries. The adverse impacts of climate change impose an additional cost on vulnerable countries to achieve their development goals. Reduced agricultural production, worsening food security, increased flooding and drought, spreading diseases and an increased risk of conflict over scarce land and water resources, which are all impact of climate change will provide additional burden for African countries to achieve their developmental goals-are already evident (Solarin, The aim of this paper is to examine the EKC hypothesis in 19 selected African countries, while providing for energy intensity and a proxy for globalization. We focus on the African continent, which is not only largely understudied, but also the region that is most affected by the consequences of the growing global emissions. This paper contributes to the existing energy economics literature by five ways: (i), this paper examines the presence of the EKC using multicountry data set for African countries, (ii) globalization is added to the CO 2 emissions function to avoid specification bias, (iii) energy intensity is used instead of energy consumption to add a new dimension to CO 2 emissions function in Africa and capture technological advancement in production function, (iv) the bounds testing and combined cointegration approaches are used to examine the presence of cointegration between the variables, (v) short-and-long run impacts of economic growth, energy intensity and globalization are checked by applying ECM (error correction method) and OLS (ordinary least square) respectively
The remainder of the paper is prepared as follows: Section-2 deals with a brief survey of papers on EKC. The model and data are discussed in Section-3, while the methodological framework is detailed in Section-4. The results are provided in Section-5 and Section-6 contains conclusions and policy recommendations.
Literature Review
The validity of EKC effect has been examined by a number of studies, which have utilized different econometrics methods and focused on different regions. Despite the lack of consensus among the results, the existing literature can be divided into two categories. The first fold examines the pollution-economic growth nexus for individual countries. The second strand examines the pollution-economic growth nexus for a cross-section and/or panel of countries (see Almulali et al. 2015a, b) . Due to the fact that we are conducting a multi-country study, our literature review will focus on the multi-country papers 1 . The literature is divided into two sections, with the first part concentrating on papers wherein the individual country's long-run and short-run estimates are not provided while the second part involves papers wherein the individual country's long run and short run estimates are provided. Kao (1999) , Pedroni (1999) and Westerlund (2007) to confirm cointegration in the series, the study utilised the panel FMOLS to show that EKC hypothesis exists. Apergis and Ozturk, (2015) used the GMM method (in addition to FMOLS and DOLS) to investigate the nexus in 14 Asian countries for the period, 1990-2011. In addition to GDP per capita, the other variables included in the model include population density, land, industry shares in GDP and quality of institutions. The study reveals that EKC hypothesis is present in the sampled countries.
One issue with the foregoing papers is that the results generated at a panel may not be necessarily valid across the sample. For the fact that the panel results support (or otherwise) EKC hypothesis does not necessarily imply that all the countries in the sample will yield similar results. The second part of the literature involves papers wherein the individual country's long run and short run elasticities are provided. These papers include Lean and Smyth, (2010) The foregoing review revealed that papers with individual country's long-run and short-run elasticities tend not to provide uniform results across the countries in the sample. Therefore, it is better to provide for individual country's long-run and short-run elasticities in the estimation. Moreover, it is observed that the study on African countries is very limited. Furthermore, although related variables such as FDI and trade openness have been used in the literature, proxy of globalization has been rarely adopted as a control variable in the EKC framework. 
Model Construction and Data Collection
All the series are transformed into natural logarithmic form following Lean and Smyth, (2010). The log-linear specification presents consistent and efficient empirical results compared to simple linear modeling (Shahbaz et al. 2015b ). The log-linear specification is modeled as following:  is error term with normal distribution in period i. The relationship between economic growth and CO 2 emissions is termed as environmental Kuznets curve hypothesis (EKC). The EKC hypothesis proposes that economic growth is initially accompanied with high CO 2 emissions then declines it after a threshold level of real income per capita as economy achieves maturity level Taylor, 1995, 2004; Mani and Wheeler, 1998 
if the relationship is U-shaped between economic growth and CO 2 emissions. We use energy intensity rather than energy consumption for measuring energy consumption. This measure of energy use is superior to the conventional energy consumption because it controls the income effect of the country i.e. energy consumption/total GDP. Energy intensity shows energy efficiency level of the country as well as technological advancement in the country (Shahbaz et al. 2015b ). We expect
The impact of globalization can be viewed through a channel of scale, technique and composition effects. Holding other things constant, increases in pollution would boost gross national output vis-à-vis foreign trade and investment and vice versa, through scale effect. This implies that under the ceteris paribus condition, the level of pollution would alter in an economy because of structural changes in the economy. This further follows that an inclination towards pollution intensive production would leads to more pollution, which is known as composition effect. When the structure and scale of an economy remain intact, new production methods or new technology for foreign trade and investment would change the level of pollution emitted per unit of output. This is known as technique effect of globalization. The decomposition effect reveals that investment liberalization and foreign trades act like double-edged sword simultaneously which could be a blessing or a curse for a country. Since both of these factors can operate in a different direction and interact concurrently, the net environmental effect can therefore only be examined empirically. The data span of the present study is 1971-2012 3 . 4 We have used World Development Indicators (CD-ROM, 2014) as our data source and collected data on energy consumption (kg of oil equivalent), CO 2 emissions (metric tons) and real GDP (USD) from there. We have used total population collected from the same source to convert all the variables into per capita units following Lean and Smyth, (2010) . We have borrowed globalization index by Dreher, (2006) who generated globalization index by three sub-indices i.e. economic globalization, social globalization and political globalization. Economic globalization involves two sub-indexes including (i) actual economic flows (trade, foreign direct investment and portfolio investment) and (ii) restrictions to trade and capital (which include restrictions on trade and capital using hidden import barriers, mean tariff rates, taxes on international trade as a share of current revenue and an index of capital controls). For political globalization, Dreher, (2006) used number of embassies in country, membership in international organizations, participation in UN secretary council membership and international treaties to generate the index. 
Methodological Framework
Existing applied economics literature provides various cointegration approaches to examine the presence of cointegration between variables. For example, Engle and Granger, (1987) developed the residual based univariate tests which have their own limitations due to their low explanatory power. Similarly, Johansen and Juselius (1990) introduced a maximum likelihood test and later on, Stock and Watson (1993) developed the DOLS test to examine the cointegration between variables. These cointegration tests require that all variables must be stationary at unique order of integration, which means that if any variable is found to be stationary then these cointegration tests become invalid. This paper aims to examine the presence of environmental Kuznets (EKC) curve by accommodating globalization as an additional determinant of CO 2 emissions in the case of African countries. The empirical investigation of the EKC hypothesis may help policy makers in designing an appropriate environmental policy for sustainable economic development. To avoid the incorrect inferences, we must need an appropriate cointegration approach to examine the long-run relationship between the variables. In doing so, Narayan and Smyth, (2005) argued that the bounds testing approach developed by Pesaran et al. (2001) is an appropriate choice for investigating the cointegration relationship between the variables. This approach presents consistent and efficient empirical results if the sample size is relatively small. The bounds testing approach is applicable if variables are integrated at I(0) or I(1) or I(0)/I(1) i.e. none of the variables should be stationary at second difference. The critical values are easily available for small sample size for comparison with the calculated F-statistics. In doing so, we employ the unrestricted error correction method (UECM) to examine the presence of cointegration between the variables. The UECM version of the bounds testing equation is modeled as following: Where,  and i  are difference operator and standard error respectively. The i  , i = 3, 4, … 7 covers long-run estimates while short-run coefficients is shown by i  , i = 1, 2, … 5. The selection of optimal lag order selection is based on Akaike information criterion (AIC). The results of ADRL F-test vary with various lag order selection. We follow AIC for optimal and appropriate lag length selection due to its superior explanatory properties. The null hypothesis of no cointegration is 0 :
while alternate hypothesis for presence of cointegration is 0 :
. In absence of cointegration, we are unable to accept alternate hypothesis. 2001) are not suitable for small sample data set as in our case i.e. 42 observations. The critical bounds provided by Narayan, (2005) ranges from 30-80 observation at all levels of significance using different lag lengths. We will accept null hypothesis (which implies no cointegration) if computed ARDL F-statistic is lower than critical bound which confirms. The presence of cointegration is valid if upper critical bound is less than calculated ARDL F-statistic.
After determining the long-run relationship between the variables, we move to examine short-run relationship by using unrestricted error correction model as following: 
Where speed of adjustment is indicated by i.e. estimate of 1  t EC . The statistical significance of with negative sign confirms cointegration between the variables. This estimate i.e.  determines speed of the short-run adjustment to reach equilibrium path in long-run. We also apply diagnostic tests such as normality of error term, serial correlation, auto-regressive conditional heteroskedasticity (ARCH), white heteroskedisticity and functional form of empirical model. The stability of short-run as well as long-run is determined by applying CUSUM and CUSUMsq tests suggested by Pesaran et al. (2001) .
Results and their Discussions
To apply any standard cointegration approach for examining the long-run relationship between the variable, testing unit root properties is necessary. In doing so, we have applied Augmented Dickey-Fuller (ADF) by Said and Fuller, (1984) and Phillips-Perron (PP) by Phillips and Perron, (1988) to test whether the variables contain unit root problem or not. Table-1 reports the results of both tests and we find that CO 2 emissions, energy intensity, economic growth and globalization show unit root problem at level with intercept plus time trend. All the variables are found to be stationary at first difference at 1%, 5% and 10% significance levels respectively. This shows that CO 2 emissions, energy intensity, economic growth and globalization are integrated at I(1) and therefore we proceed to the cointegration test with the use of the bounds testing approach. The bounds test is sensitive to lag length selection and we have used the Akaike information criterion (AIC) to select appropriate lag order of the variables. It is reported by Lütkepohl, (2006) that the dynamic linkages between the series can be captured if appropriate lag length is chosen. The results are reported in Table- 2. We use critical bounds from Narayan, (2005) to make decision on whether cointegration exists or not.
The results reported in Table-2 reveal that the calculated F-statistic is greater than upper critical bound as we use energy intensity, economic growth and globalization as forcing variables. This shows that hypothesis of no cointegration is rejected in Africa (5%), Algeria (1%), Angola (10%), Cameroon (10%), Congo Republic (5%), Ghana (10%), Kenya (5%), Libya (10%), Morocco (1%), Nigeria (5%), South Africa (5%), Sudan (5%), Tanzania (5%), Togo (1%), Tunisia (1%), Zambia (5%) and Zimbabwe (5%). We accept the hypothesis of no cointegration for Côte d'Ivoire, Egypt and Gabon. We conclude that bounds testing analysis confirms the presence of cointegration in energy intensity, economic growth, globalization and CO 2 emissions (see Table- 2) for Africa, Algeria, Angola, Cameroon, Congo Republic, Ghana, Kenya, Libya, Morocco, Nigeria, South Africa, Sudan, Tanzania, Togo, Tunisia, Zambia and Zimbabwe. The empirical results confirm the absence of autoregressive conditional heteroskedisticity and presence of normality of error term while validating the well-specification of empirical model. tNote: The asterisks *, ** and *** denote the significant at 1, 5 and 10 per cent levels, respectively.
The ARDL bounds testing method is only robust in the presence of a single cointegration scenario, among other issues (Bayer and Hanck, 2013) 6 . To overcome some of the deficiencies of the previous cointegration methods including the ARDL method, Bayer and Hanck, (2013) developed a new cointegration technique by combining all non-cointegrating tests to obtain uniform and reliable cointegration results. The application of the combined cointegration test provides robust and efficient results compared to individual t-test. Furthermore, combined cointegration approach is suitable once all the variables have unique order of integration. The results are reported in Table- 3. The empirical results show that our calculated F-statistic is greater than tabulated F-statistic i.e. EG-JOH and EG-JOH-BO-BDM at 1% level of significance. This reveals that null hypothesis 'no cointegration' is rejected in favor of alternate hypothesis. We may note that cointegration is valid in the case of Africa, Algeria, Angola, Cameroon, Congo Republic, Ghana, Kenya, Libya, Morocco, Nigeria, South Africa, Sudan, Tanzania, Togo, Tunisia, Zambia and Zimbabwe for the period of 1971-2012 and similar is not true for Côte d'Ivoire, Egypt and Gabon. This empirical evidence confirms the robustness of empirical results reported in Table- After examining the cointegration in the variables, we turn to disclose the impact of energy intensity, economic growth and globalization on CO 2 emissions. The empirical evidence is shown in Table- 4. We note that energy intensity has positive and significant impact on CO 2 emissions. All else is same, a 1% increase in energy intensity boosts CO 2 emissions in Africa, Algeria, Angola, Cameroon, Congo Republic, Ghana, Libya, Morocco, Nigeria, South Africa, Sudan, Togo and Tunisia by 0.4643%, 0.8666%, 2.1802%, 0.6381%, 1.0549%, 0.2640%, 1.0598%, 0.5328%, 2.2710%, 1.1444%, 1.4419%, 0.9134% and 0.9847% respectively. Energy intensity is negatively linked with CO 2 emissions in Zambia and Zimbabwe 7 .
The results indicate that a 1% increases in real GDP raises CO 2 emissions by 5.0820% (Africa), 0.9410% (Algeria), 2.4823% (Cameroon), 0.8336% (Congo Republic), 2.4835% (Morocco), 1.1141% (Tunisia) and 11.5145% (Zambia). In these countries, real GDP has a negative impact on CO 2 emissions which means that EKC hypothesis is valid in these nations. This finding supports the presence of the EKC hypothesis which reveals that CO 2 emissions increase in the initial stage of economic growth and decline after a threshold point. 9 . The EKC hypothesis exists significantly in Africa, Egypt, Morocco and Tunisia but in case of Gabon, Kenya and Sudan, the relationship between economic growth and CO 2 emissions is U-shaped and statistically significant. Globalization increases (lowers) CO 2 emissions in case of South Africa and Tanzania (Libya) significantly. The negative and statistically significant estimates for ECM t−1 support the long run relationship amid energy intensity, economic growth, globalization and CO 2 10 . This indicates the short run deviations towards long run equilibrium path. Similar to the bounds test and combined cointegration tests, the results reject the possibility of long run relationship in the variables for Côte d'Ivoire, Egypt and Gabon. The diagnostic tests suggest we can accept the null hypothesis of normal distribution and that the model is devoid of serial correlation and ARCH problems. The Ramsey reset test demonstrates that functional form for the specifications of the short run models is adequate. The CUSUM and CUSUMsq tests are also applied for checking the stability of the parameters. The results are shown in Figure-2 11 . The diagrams of CUSUM and CUSUMsq confirm the stability of ARDL parameters. This further validates the efficiency of long-run as well as short-run estimates. 9 Energy intensity is positively but insignificantly related with CO 2 emissions for Cameroon, Côte d'Ivoire, and Tanzania. 10 The estimates of ECM t-1 are provided in small parenthesis and found significant at 1%, 5% and 10% significance levels. 11 We have inserted CUSUM and CUSUMsq tests for Africa to conserve space. The results of CUSUM and CUSUMsq test are available upon request from authors for rest of countries. Globalization is shown to have a decreasing impact on emissions at the panel level. The implication of these results is that fostering openness stimulating market integration with trading partners by lowering or removing the trade barriers, will improve environmental quality. By facilitating the importation of greener technologies and by spreading the message of better environmental regulations and standards, globalization helps in the reduction of pollution generated in the local community. Therefore, more openness in Africa can reduce pollution. Our results supports the findings of Copeland and Taylor, (2004) who claims that it would be unwise for countries to use trade protection as a means of improving their environment. Aside from improving the environment, these outward policies are also likely to facilitate export diversification, opening up new markets, create employment, foreign exchange earnings and reduce balance of payment problem. With the continent currently accounting for less than 3% of the global trade, these policies are also likely to improve the share of Africa in the global trade. It can also reduce poverty by generating growth through increased commercial opportunities and investment, as well as broadening the productive base through private sector development.
Figure-2: The CUSUM and CUSUMsq in Africa
However, there must be introduction of environmental policies that will ensure more openness does not lead to more environmental degradation in the continent. For instance, globalization is also associated with the increasing number of fright in and out of the continent. CO 2 emissions from international road freight transport are increasing all over the world, and there is not yet a sign that this trend is to be curbed soon. A mix of measures, such as road pricing, higher fuel taxes, stricter fuel efficiency standards for vehicles, use of alternative fuels and logistical improvements, will be needed to address the environmental degradation (OECD, 2010). Since the results are in support of EKC hypothesis at the panel level, the implication is that economic development decreases the environmental degradation with higher levels of economic growth. In other words, beyond a threshold level of real output, an increase in real output may actually reduce emissions as the demand for environmental quality increases and these economies grow.
With more globalized countries in the continent, less environmental degradation is possible.
The positive impact of energy intensity on emissions increase the need for policy-makers to search and employ renewable energy sources (solar, wind, geothermal sources and bio-diesel fuel) and green investment technologies should be promoted because of the apparent influence of energy consumption on emissions. However, the production and use of modern bio-energy is currently limited in the continent. Since the feedstock represents a substantial part of the production costs for biofuels, Africa could have a substantial competitive edge as a biofuel producer. As energy intensity remains fundamental in meeting basic needs and achieving Africa's development goals and at the same time, the results shows energy as a major factor in emissions, policy makers must cultivate and nurture attitudinal change policy towards energy use in order to achieve growth-free emissions (Shahbaz et al. 2015b ). So far, an unattractive investment climate and poor infrastructure have hampered such development. On a regional basis, Africa has the largest unexploited potential of hydroelectricity, which stands at 93 per cent of total hydroelectricity potentials (World Bank, 2009 ).
The analysis of each country shows different results. While the results for most of the countries suggest that globalization decreases emissions, globalization enhances emissions in seven countries. Since the impact of globalization is found to be insignificant in the short run, it might take some times before the effect of globalization is realized. For the countries, which show that globalization decreases emissions such as Angola Cameroon Congo Rep., Ghana and Kenya, there is the need to implement extensive outward oriented policies which would promote openness in these countries. For countries that globalization enhances emissions such as Cote D'Ivoire and South Africa, there should be rejection of unrestrained global economic integration and the reduction of fossil-fuel usage in outward oriented industries. For instance, most of the exports-based industries in South Africa are powered by coal, which accounts for 70% of the country's total energy mix (Energy Information Administration, 2013).
Only nine countries follow the EKC hypothesis, which suggest that economic development decreases the environmental degradation with higher levels of economic growth in these countries. For the other countries which fail to show any evidence for EKC hypothesis, there is no evidence of positive effect of economic activities on emissions. The policy implication of these results is that expanding economic activities might not seriously contribute to emissions in the continent. Therefore these countries are not expected to drop their ambitious growth plans and none of the countries need to sacrifice economic growth in order to reduce carbon dioxide emissions. With the exception of Zambia and Zimbabwe, most of the countries show that energy consumption has positive impact on emissions level. These implies that rising energy intensity in most countries is causing more emissions, thus it is very essential to apply some sorts of pollution control actions to the whole panel in respect of energy consumption. A policy option in this case is to increase the share of renewable energy in the energy-mix in the continent. As very few countries in the region have significant energy usage, the increasing level of energy intensity generated in the continent might not be chiefly responsible for the climate change problem faced in the continent. While the mandatory actions on the part of governments in African countries may not fully address the problem of environmental degradation; however, this will definitely stimulate more awareness and may coerce the developed countries to follow suit as authorities in the continent may now be seen as being serious about their environment (Solarin, 2014) .
The present study is not without its limitations as the role of population, land use and government spending (subsidy) on emissions have not been analysed in this research. The impact of population growth on environment is an issue that is highly debated yet comparatively underresearched empirically. During the industrial phase while death rates decline birth rates remain initially high, so that population growth is strong (Galeotti et al. 2011) . Population density could affect energy use and consequently CO 2 emissions. The effect of large populations on fossil fuel consumption can stem from the increased energy demand for power generation, industry and transport that in turn increases CO 2 emissions. In Africa, population growth has been described as one of the major factors of emission in the continent. The continent has witnessed a rise in population from less than 500, 000 million in 1980 to more than one billion people in 2012 (United Nations, 2015). The continent has a large and faster-than-average growing population and per capita income that could drive future energy demand and, if unconstrained, emissions (Calvin, 2013) .
